Objective: The majority of stroke patients experience upper limb motor impairment and reduced ability to perform basic activities. Shoulder strapping has been reported as a beneficial adjunct to rehabilitation therapies but has not been rigorously trialled. This study tested the feasibility of recruitment, intervention and outcome assessment protocols for future trial of the clinical effectiveness of shoulder strapping. Design and setting: Feasibility study using a randomized controlled trial in an East London stroke service. Subjects: Fourteen acute stroke patients with mild to moderate upper limb hemiparesis were recruited between October 2004 and July 2005. Intervention: Five strapping methods and criteria for use were identified from the literature. Shoulder strapping applied for one month in addition to routine rehabilitation was compared to routine rehabilitation only. Main measures: The Motor Assessment Scale, Fugl Meyer Scale -Arm section and the Nine Hole Peg Test were measured at baseline and 1, 2, 3 and 5 weeks later. The Stroke-specific Quality of Life questionnaire was delivered at 6 and 12 weeks post stroke. Results: Useful findings were demonstrated in relation to the feasibility of all elements of the protocol. Motor Assessment Scale findings showed a small-moderate (0.27) effect size for the strapping intervention used as an adjunct to routine rehabilitation compared to routine rehabilitation alone. Sample size calculation indicated 312 participants would be adequate to test a null hypothesis of nil benefit additional to routine rehabilitation. Conclusion: Findings supported the value of pilot-testing, and enabled revision of the study protocol for future definitive trial.
Introduction
The majority of stroke patients experience upper limb motor impairment and reduced ability to perform basic activities. 1, 2 Stroke-related shoulder impairments may cause difficulty controlling the hand in the various positions necessary for effective upper limb function. 3, 4 Weakness in shoulder girdle muscles may reduce alignment and stability and produce pain in the glenohumeral joint and scapulo-thoracic joint as they rely on muscle function to maintain joint position. 5 Recovery is dependent on many factors and a number of techniques have been explored as adjunct interventions to improve the effectiveness of rehabilitation. Some treatments show promise for improving upper limb motor recovery, especially those with a focus on highintensity repetitive task-specific practice. 6 However, application of such treatments poses a problem in those patients with insufficient joint stability and ongoing weakness of the shoulder girdle. Intensive exercise might be possible if the gleno-humeral joint and scapulo-thoracic joint were supported during exercise, for example, by shoulder strapping. Shoulder strapping has been described and investigated in various patient groups, but predominantly in those with musculoskeletal rather than neurological disorders. Studies which have examined it have various methodological limitations but claim that shoulder strapping for musculoskeletal problems may reduce malalignment of joints, scapular muscle imbalance and pain, although further work is required to substantiate this. [7] [8] [9] [10] [11] [12] One adequately powered trial with low risk of bias demonstrated that changing thoracic and scapular posture with strapping was associated with a significant increase in range of movement in shoulder flexion and abduction (P < 0.001). 13 Shoulder strapping has been considered in stroke patients, albeit with similar methodological limitations, in relation to pain, glenohumoral subluxation, range of movement and arm function. [14] [15] [16] [17] [18] One systematic review 19 provided underpinning evidence for two national clinical stroke guideline statements (for countries of the UK except Scotland, and for Australia) that shoulder strapping 'may be used' to alleviate or defer onset of pain, although with insufficient evidence for a recommendation. 20, 21 Hence, while studies indicate long-term interest in shoulder strapping for stroke patients, evidence for its use is not strong. A recent systematic review indicated there is no consensus on the best methods of applying strapping, and it has only been examined in patients with paralysis or severe impairment, with unclear rationales for choice of method. 22 Despite this paucity of supporting evidence, strapping methods have been reported as routinely used in clinical practice. Forty per cent of physiotherapists interviewed in the UK reported occasionally using it when treating a hemiplegic shoulder. 23 Shoulder strapping in acute stroke patients thus has potential benefit but no robust evidence to guide decision-making. This study represents a first stage towards addressing this gap in knowledge.
The study aimed to pilot test a protocol designed to assess the impact of shoulder strapping initiated early after acute stroke on arm function, impairment and dexterity (using the Motor Assessment Scale, Fugl Meyer Scale -Arm section and Nine Hole Peg Test) in participants who received routine rehabilitation practice alone compared with those who had shoulder strapping as an adjunct to this. The feasibility of this protocol was assessed in relation to patient recruitment, identification of appropriate strapping intervention methods and outcome measures.
Method

Design
This was a randomized controlled trial, with shoulder strapping in addition to routine rehabilitation practice (intervention group) compared to routine rehabilitation practice only (no strapping, control group).
Participants
The setting was an East London borough where the stroke service comprised a six-bed Acute Stroke Unit in a tertiary referral acute hospital, and a Rehabilitation Stroke Unit, Early Supported Discharge Service and Community Stroke Team in the nearby community Trust. Consecutive admissions to the Acute Stroke Unit were recruited between October 2004 and July 2005 based on the inclusion criteria of:
. admission diagnosis of a first unilateral supratentorial stroke; . recruitment within 10 days of stroke onset;
. residence within a local borough;
. cardiovascular and medical stability according to recorded medical opinion; . mild to moderate upper limb paresis (Fugl Meyer Scale -Arm section score 25-6025); 24 . no recorded or reported skin allergies.
Patients were excluded if they had:
. severe premorbid shoulder pathology or surgery; . cognitive dysfunction likely to preclude provision of informed consent, as advised by the multiprofessional team.
Intervention
Five different methods of strapping and associated selection criteria derived from mainly musculoskeletal literature formed the basis for the strapping intervention of this study. Choice of strapping method depended on movement impairments observed during shoulder flexion to 90 degrees (see Appendix 1 on the website).
Strapping methods aimed to improve joint alignment and movement of the scapula and/or the gleno-humeral joint. Specific impairments that shoulder strapping was designed to reduce were excessive scapular lateral rotation, scapular winging, increased gleno-humeral internal rotation, gleno-humeral displacement and reduced scapular lateral rotation. If multiple impairments were observed, the most prominent feature dictated the strapping method. Strapping was applied for intervention group participants in a standardized position: seated upright with hips and knees in 90 degrees of flexion, arm supported with the gleno-humeral joint in neutral and the elbow in 90 degrees of flexion. The strapping procedure was as follows: clean the skin with an alcohol wipe; apply adhesive spray; apply a layer of 'Hypafix' tape, then apply 'Strappal' tape exerting minimal pull on the tape; overlap strips by half width or more, check arm movement once the tape is fully applied. The strapping was applied by the lead investigator (first author) who trained another physiotherapist, with training entailing two practical sessions of 30 minutes each. The strapping was changed every three days and skin integrity in the strapped area was visually assessed daily. The strapping was maintained in situ for four weeks.
The control group did not receive strapping or any other adjunct intervention. Both groups received routine rehabilitation therapies according to the current hospital protocol and practice. This entailed therapy from occupational therapists and physiotherapists originating from various theoretical approaches, 6 provided twice daily, five days per week. An outline of standard therapy treatment and duration of upper limb therapy input received by both groups was recorded by the responsible therapists.
The study was approved by the relevant research ethics and governance committees.
Outcome measures
Outcome measures used in this study were all standardized procedures, widely used in stroke research and with good reliability and validity in stroke patients. The primary outcome measure, Motor Assessment Scale, was chosen as a specific measure of arm function 25, 26 because it was used in previous studies on shoulder strapping. 16, 17 The Fugl Meyer Scale -Arm section and the Nine Hole Peg Test were chosen as specific measures of arm impairment and dexterity. [27] [28] [29] [30] These three measures were chosen to capture the likely diverse consequences caused by stroke 31, 32 and because they were relevant for measuring effects caused by shoulder strapping. While the Fugl Meyer Scale -Arm section and Nine Hole Peg Test have aspects in common insofar as they both assess elements of speed and dexterity, the latter has been reported to have a floor effect. 33, 34 Anticipating this in this subset of acute stroke patients, the Fugl Meyer Scale -Arm section was included to complement the measures. The Fugl Meyer Scale -Arm section also contributed specific assessment of shoulder impairments. Deakin et al. 24 produced a user friendly standardized manual for the Fugl Meyer Scale -Arm section which was used in this study.
Participants were assessed on the primary outcome measures without strapping on their shoulders by outcome assessors blinded to group allocation (therapists trained to conduct these assessments as per study protocol). Training for assessors entailed two 1-hour practice sessions. Baseline assessments were conducted following recruitment (T0), then repeated at 1, 2, 3 and 5 weeks later (T1-4).
The secondary outcome measure was quality of life, measured using what was then the only tool specifically developed for use with stroke patients, the Stroke-specific Quality of Life Scale. 35, 36 Preliminary findings regarding its internal reliability, construct validity and responsiveness were encouraging. 36 The tool covered 12 physical, psychological and social domains, including upper extremity function and selfcare. It was self-administered at 6 weeks (T5) and 12 weeks post stroke onset (T6). Mean domain and total scores were calculated.
Analyses
To assess the feasibility of these methods with this participant group, recruitment and application of the strapping intervention methods were described. Numbers of participants with complete assessments were analysed in relation to numbers of potential and actual participants.
Descriptive statistics were used to characterize the groups and outcome measures. Changes in upper limb function and quality of life over time in both groups were described, and differences between groups in changes in upper limb function between baseline and five weeks later explored.
Effect size (ES) calculations were conducted for both groups using the Motor Assessment Scale scores. 37 Cohen designated 0.2 as a small ES; 0.5 as medium and a large ES as 0.8. This scaling of ES is commonly used to help differentiate clinically important from unimportant changes. The sample size required for a definitive hypothesis-testing trial was calculated.
Results
Characteristics of participants and groups
In total 14 patients were recruited ( Figure 1 ) but one participant died shortly after recruitment, prior to assessment, and another was later transferred to a different hospital and lost to follow-up. With values expressed as mean (SD), participants were recruited to the study within 2.0 (2.7) days post stroke; first assessments were conducted within 7.0 (2.4) days, and six and seven participants were randomized to intervention and control groups, respectively ( Table 1) . They presented with mild to moderate upper limb hemiparesis (Fugl Meyer Scale -Arm section score 43 (10)) and received inpatient rehabilitation for 29 (22) days. Half the group subsequently received therapy at home. Comparison of routine rehabilitation treatments delivered by therapists to both groups demonstrated that more therapy in total was delivered to the control group (Table 1) . Overall, participants were engaged in upper limb activity of the paretic arm with an occupational therapist or physiotherapist for 5% of the potential therapy time (8am-5pm, five days per week).
Feasibility of research methods
Recruitment. Approximately 160 stroke patients were admitted to the hospital during the 10-month recruitment period; a small number were missed during the lead investigator's leave. Of those screened, 16 patients met the inclusion criteria and 14 consented to participate.
Intervention. To identify appropriate strapping methods, participants' impairment patterns were observed during movement analysis of shoulder flexion to 90 degrees (see website for Appendix 1). Movement criteria for methods 1, 4 and 5 were not observed and therefore the related strapping methods were not used. For 10 participants strapping method 2 was used; method 3 was used for one, and methods 2 and 3 were both used for two participants. No adverse effects in terms of skin reactions (local redness or an allergic reaction) or damage (skin breakdown) occurred; strapping was changed at mean every 3.5 days. Assessment schedule. Primary outcome assessments planned for five time points (T0-T4) resulted in 15 primary outcome assessments per participant, plus postal surveys at T5 and T6. With one death prior to assessment, 65 assessments might have been undertaken for each of the Motor Assessment Scale, Fugl Meyer Scale -Arm section and Nine Hole Peg Test by 13 participants; 195 assessments in total. Datasets for seven participants were complete and six had some missing assessments; 163 (83.4%) assessments were completed for the Motor Assessment Scale, Fugl Meyer Scale -Arm section and Nine Hole Peg Test (Table 2) . Four core assessors conducted these assessments, but another five were required to provide full cover.
The Stroke-specific Quality of Life questionnaire, the secondary outcome measure, was despatched to 12 participants at T5 and T6; 9 (75%) and 8 (67%) completed surveys were returned at 7.9 (3.2) and 14 (2.6) weeks post stroke.
Outcome assessments. Scores for both groups at all time points using the Motor Assessment Scale, Fugl Meyer Scale -Arm section and Nine Hole Peg Test are set out in Table 2 . Comparing the intervention and control group scores, respectively, this demonstrated mean (SD) score changes T0-T4 of 3.3 (0) versus 3 (1) for Motor Assessment Scale; 8.3 (À2.7) versus 2 (6.1) for Fugl Meyer Scale -Arm section; À56.8 (À51) versus À27.8 (À38.6) for Nine Hole Peg Test.
Effect sizes were calculated comparing MAS scores at T3 to maximise data points. for Motor Assessment Scale scores at T0 and T4 for both groups, demonstrating This indicated an ES for the strapping intervention of 0.27, considered a small-moderate effect. 37 On the basis of these findings, assuming a within-group SD 2.59, a mean difference between treatments of 1.17 units and an ES 0.27, a study with power of 0.8 and a type 1 error probability of 0.05 would need to recruit 156 participants to each group to be able to reject the null hypothesis that population means of the intervention and control groups were not significantly different. Secondary outcome measures were returned at 6.5 (0.5) and 8.1 (3.9) weeks post stroke at T5, and 12.8 (1.0) and 14.9 (3.3) weeks at T6 for intervention and control groups, respectively. At T5 and T6 respectively, intervention group scores were 3.14 (0.24) and 3.44 (0.57), control group scores were 2.93 (1.42) and 2.90 (1.38) . Intervention group scores changed mean 0.29 (95% confidence interval (CI) -1.7, 2.29) while control group scores changed by mean -0.03 (95% CI -0.55, 0.50).
Discussion
Shoulder strapping is an important topic for investigation as current evidence of benefit is limited and the mechanism of any effect is unknown. Despite this, a survey of physiotherapists registered with the UK Association of Chartered Physiotherapists Interested in Neurology revealed participants used strapping, while recognising the absence of standardized techniques, outcome measures, teaching, strapping protocols or policy. 23 This study demonstrated useful findings in relation to the feasibility of the study protocol to examine the effect of shoulder strapping as an adjunct to routine rehabilitation of upper limb impairment following stroke. Outcome measures indicated a small-moderate (0.27) effect size for the strapping intervention used as an adjunct to routine rehabilitation compared to routine rehabilitation alone. Sample size calculation suggested 312 participants would be adequate to test a null hypothesis of nil benefit additional to routine rehabilitation.
Feasibility of recruitment
This pilot study succeeded in recruiting 10% of stroke admissions at a single site. Although not a large proportion, the study targeted a specific subset of admissions, and this percentage is not dissimilar to that reported by other targeted single-site rehabilitation studies; for example, Griffin and Bernhardt recruited 33 participants over 24 months. 16 Recruitment for this study proceeded at a rate of one or two participants per month, from an overall stroke admission rate of 16 per month. Only two eligible patients declined to participate. It is likely that the recruitment rate would increase if the criteria restricting recruitment to local residents within 10 days of stroke onset were relaxed. Recruitment from multiple sites would increase numbers and strengthen the case for generalizability of findings.
Feasibility of the intervention
Findings of this pilot study are encouraging in that participants were able to tolerate four weeks of continuous tape application with no adverse skin effects noted. This compared to small numbers reporting redness and skin irritation in other studies. 14, 16, 17 Of the five techniques described in the literature, only two were found relevant to the impairment patterns presented by patients recruited to this study (Appendix 1 -online only). The impairments most prominent in participants with mild to moderate weakness were excessive scapular lateral rotation and winging during shoulder flexion to 90 degrees. Further investigation is required to demonstrate how upper limb paresis and shoulder strapping affect arm elevation and, in particular, scapula position and scapular lateral rotation when elevating the upper limb.
Feasibility of the assessment schedule
This study protocol stipulated five assessment time points for the primary outcome measures, requiring substantial time commitment from patients and assessors alike. A limitation of the study was that complete datasets were only achieved in 54% of those recruited, and assessment burden may have been a factor in this. Participant feedback would have been useful to shed light on this. Missing data pose problems in analysis, and findings of this pilot study indicate that future studies should include fewer assessment time points. However, response rates of 75% and 67% to Stroke-specific Quality of Life assessments via postal surveys supported choice of this approach and tool.
Choice of outcome measures
Identification of specific and sensitive outcome measures suitable to assess response to therapy intervention is a challenge, as illustrated in this study. In this study, primary outcome measures were chosen to enable assessment of a range of upper limb function, including task-based activities, motor function, dexterity and coordination. Absence of assessment of arm function in everyday activities was a limitation. A disadvantage of the Nine Hole Peg Test in this study was a floor effect, noted with five participants (38%) who were unable to complete the test at first assessment. Although the Motor Assessment Scale was easy to use, items were tested in order of increasing difficulty, which was frustrating for a lower performing participant. The hierarchical ordering did not always function as intended, with some participants unable to do a 'less difficult' task but able to do subsequent 'harder' ones. Despite using a manual which claimed enhanced clarity on scoring the Fugl Meyer Scale -Arm section test, 24 some uncertainty was reported by assessors, specifically in relation to scoring 'reflex activity' (item 1.1) and 'coordination/speed' (item 4). Further work is required to identify the most appropriate outcome assessments to measure change caused by shoulder strapping in acute stroke patients. Subsequent to this study further work was undertaken, which was the cause of the delay in bringing this work to publication. Initial observations indicated the Action Research Arm Test might be a better choice for primary outcome. Its benefits include measurement of functional use of the upper limb with a welldefined procedure, taking less time to complete than the Fugl Meyer Scale -Arm section and Motor Assessment Scale (no more than 10 minutes); it is regarded as valid and reliable for this, is sensitive to change, can detect a clinically relevant difference of 5.7 points, and is widely used in rehabilitation research. 27, 29, 40, 41 
Assessment findings
This study was not powered to test for differences in outcome assessments between groups, and the small sample size precluded drawing conclusions from these findings. Nonetheless, the small-moderate effect size calculated for shoulder strapping used as an adjunct to routine rehabilitation compared to routine rehabilitation alone supports continuance to clinical trial. A sample size requirement of 312 participants should be achievable with a multisite study.
Stroke-specific Quality of Life score changes of more than 0.5 have been reported to represent meaningful change (personal communication, Williams, 2005) . For seven participants Strokespecific Quality of Life scores at both T5 and T6 were available; for two (28%) score changes exceeded 0.5, suggesting that the Stroke-specific Quality of Life scale may be adequately sensitive to change, and supports further testing with this tool.
In summary, this feasibility study demonstrated that shoulder strapping as an adjunct to routine physiotherapy following acute stroke was tolerated by patients, not associated with adverse skin reactions and warrants further study. Findings support the value of a pilot phase as testing research methods enabled recognition of elements that can be safely and successfully accomplished with these patients, and revealed areas for further work. It has informed development of a clinical trial of a standardized strapping protocol in patients early after stroke.
Clinical messages
. Continuous strapping was well tolerated by acute stroke patients for a period of four weeks with tape changes occurring every 3-4 days. . Scapular strapping (method 2) was the most commonly used technique in patients with mild to moderate upper limb paresis post stroke. . Shoulder strapping may have benefit as an adjunct therapy in upper limb rehabilitation after acute stroke and a clinical trial to test this is warranted.
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